Objective: To compare selected umbilical cord parameters, especially cord coiling, between breech and vertex presentations. Methods: We prospectively collected umbilical cords from uncomplicated breech and vertex obtained during elective term cesarean deliveries. We compared various cord parameters between the two groups as well as data regarding obstetric history and pregnancy outcome. Results: We evaluated 55 umbilical cords from breech and 55 from vertex deliveries. Umbilical cord length (56.93 cm vs. 63.95 cm, Ps0.05), number of coils (5.1"0.4 vs. 11.7"0.6, P-0.0001) and umbilical cord index (UCI) (0.09 coils/cm vs. 0.18 coils/cm, P-0.0001) were all significantly lower for breech presentations and remained significant following multivariate analysis. Conclusion: We document significant differences in umbilical coiling and the UCI between breech and vertex presentation. The precise reason for these differences is still unclear.
Introduction
The human umbilical cord is a helical structure composed of three blood vessels, two arteries and one vein, surrounded by Wharton jelly. The helical nature of the umbilical vessels can be observed as early as 28 days post-conception. The final architecture can be defined by nine weeks of gestation in 95% of the fetuses w5, 13x. The number of the coils remains constant throughout gestation w4, 13x. At term, the average cord length is 50-60 cm, and there are 10-11 coils between the fetal and placental insertion sites w7x. About 5% of the cords are uncoiled w13x. The umbilical coiling index (UCI) is calculated as the number of complete coils divided by cord length and expressed in centimeters. An abnormal UCI, either hypocoiling or hypercoiling, has been associated with adverse pregnancy outcome, including fetal structural or chromosome aberrations, fetal growth restriction, chorioamnionitis, stillbirth, premature deliveries, nonreassuring fetal heart rate patterns necessitating operative interventions, presence of meconium, and fetal acid-base abnormalities w1, 3, 6, 9, 10, 15, 20, 22x. Umbilical cord length is associated with intrauterine fetal activity, but the mechanisms that underlie umbilical cord coiling are not fully understood. Both cord vascularity and fetal factors have been implicated w7, 13, 16x. One mechanism is uneven growth of the arteries and the vein. The vein is normally longer than the arteries and is twisted around them. The arteries are normally longer than the cord itself and they are coiled within it w8x. Another factor is the mechanical forces derived from arterial pulsatility. A potential fetal factor is fetal motion which has also been linked to coiling formation, either by means of active or passive movements. This rationale is based on both human and animal studies that documented short and uncoiled umbilical cords when fetal activity was restricted w17-19, 21x. Coiling, however, may be different at different umbilical segments (the ''telephone cord theory''), suggesting that fetal activity and twisting is not the only explanation for the formation of coils w2x. Fetuses in breech presentation are thought to have less motor activity compared to fetuses in vertex w25x, thus, one could expect to find less coiling in breech presentations.
Umbilical cord coiling is influenced by several factors, such as fetal activity, adverse pregnancy outcome, umbilical vasculature development, and other undeter- 
Materials and methods
This prospective study was conducted during October 2005 through March 2006. Only women with uncomplicated, singleton pregnancy, who underwent elective cesarean section (CS) at term, were recruited. One study group included women who underwent elective CS due to breech presentation, and another group consisted of women who had elective CS for other indications. Women with maternal disease, whether chronic or pregnancy related (i.e., diabetes, hypertension) were excluded. Pregnancies complicated by polyhydramnios, congenital anomalies, or fetal growth restriction were also disqualified. Prior to surgery, all women had a reactive non-stress cardiotocography (CTG) and reported normal fetal movements. We collected the umbilical cords and clamped them at the placental insertion and at the site two centimeters from the attachment to the neonate. The measurements of cord length, number of coils, and UCIs were compared between the two groups. Obstetric history and pregnancy outcome parameters were also recorded, including maternal age, parity, gestational age, fetal gender, birth weight, Apgar score and arterial blood pH.
Statistical analysis was performed using the Student's t-test and multivariate analysis. The ANOVA model was applied for differences, and correlations were adjusted for confounders regarding gestational age, birth weight and gravidity. A P-value of 0.05 or less was considered significant. The study was approved by the local Institutional Review Board (IRB).
Results
A total of 110 umbilical cords were collected during CS, 55 from vertex and 55 from breech deliveries. None of the patients had uterine malformations. All women in the breech group underwent a CS due to the fetal presentation. The major indication for CS in the vertex group was one or more CS in the past (28/55, 50.9%), 20 women in the latter group (36.4%) were operated due to maternal request (without medical indication), 3 (5.5%) because of estimated excessive fetal weight ()4000 g, not associated with diabetes), and one each (1/55, 1.8%) because of a low lying placenta, active herpes genitalis, pelvic fracture, and previous anal sphincter repair.
The obstetric characteristics of both groups are summarized in Table 1 . Univariate analysis revealed group differences in the mean maternal age and the mean fetal weight.
The umbilical cord characteristics are presented in Table 2 . Umbilical cord length, number of coils and UCI values were significantly lower among fetuses in breech presentation. These differences in length, number of coils and UCI values remained statistically significant after adjustment for maternal age and birth weight by multivariate analysis.
We found a significant but a relatively poor correlation between the length of the cord and the number of coils in both groups (Pearson correlation test, rs0.58, P-0.001).
Discussion
Differences in umbilical cord length between breech and vertex presentation have already been demonstrated by Soernes et al., who found shorter cords when the presentation was breech w21x. The clinical significance of umbilical cord coiling has also been addressed in the literature, but, to the best of our knowledge, this is the first report of an association between fetal presentation and umbilical cord coiling. Our results showed that the cords of fetuses in breech presentation were significantly shorter and less coiled and the mean UCI was significantly lower compared to those of fetuses in vertex presentation. Our mean UCI for fetuses in vertex presentation was similar to the mean UCI of 0.17 coils/cm for normal pregnancy found by van Diik et al. w26x. Since an association has been found between the UCI and pregnancy complications w1, 3, 6, 9, 10, 15, 20, 22x, it should be emphasized that we obtained all the cords for this study from patients with uncomplicated term pregnancies and normal uterine anatomy. Also, differences in cord parameters cannot be attributed to fetal gender since the male-to-female ratio was similar in both groups.
The percentage of fetuses in breech presentation decreases with progression of pregnancy (from 25% at 28 weeks to 3-4% at term) w11x. It is thought that the spontaneous version of fetal presentation from breech to vertex occurs as the fetus tries to accommodate itself to the shape of the uterus. Active body movements on the part of the fetus appear to be mandatory for this version w23x. When the uterine cavity is contracted, either due to uterine malformations or oligohydramnion, fetal activity is restricted and non-vertex presentation is more likely. Breech presentation is also associated with fetal malformations and intrauterine growth restriction, but no single cause of breech presentation can be identified in most cases w14x.
Some authors have demonstrated that fetuses in breech presentation differ in patterns of activity from their vertex counterparts. Over three decades ago, Suzuki et al. analyzed fetal movements by ultrasound and concluded that frank breech presentation might result when whole body movements are weak or absent w23x. More than a decade later, Kean et al. performed a computerized analysis of heart rate and activity in fetuses in breech and vertex presentation and found that fetuses in both presentations had similar rates of movement but that breech fetuses tended to switch more often between low and high variations fetal heart rate patterns. The higher frequency of transition might indicate shorter periods of sustained activity such as that required for vertex version to occur w12x. Thus, fetal patterns of movements might be different for breech and vertex presentation. Takashima et al. found significant differences in the direction of eye movements between the two presentations and concluded that the in utero developmental course of neuronal control varies according to fetal presentation w24x.
Blickstein et al. w2x suggested that umbilical cord coiling is unequal in different segments of the cords. This implies that fetal activity during the 3 rd trimester would not necessarily be a major contributor to umbilical coiling. Furthermore, if coiling is determined during the first or second trimester, a breech presentation in late pregnancy may be the consequence of an abnormal coiling process which had taken place early during gestation. Additional mechanisms such as unequal growth of vessels at the beginning of pregnancy may also have an impact on the nature and extent of umbilical coiling. It is not clear whether breech presentation at term is the consequence of ''built-in'' differences from a vertex presentation already existing at the beginning of pregnancy or only occurring at the end of pregnancy. It is also unclear whether coiling is the consequence or the reason for such differences.
In summary, our report documents significant differences in umbilical coiling and the UCI between breech and vertex presentation. The precise reason for these differences is still unclear.
